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BigHorn Home Improvement Center: Proof that a Retail Building
Can be a Low Energy Building

Michael Deru, Paul Torcellini, and Ron Judkoff
National Renewable Energy Laboratory

Introduction

Most retail buildings are concerned with creating a comfortable, inviting environment for
their customers. Energy efficiency and sustainable design are usually not part of the
design process. The BigHorn Home Improvement Center is an exception to this practice;
it is one of the nation's first commercial buildings to integrate extensive high-
performance design into a retail space (Hayter and Torcellini, 2000). A multidisciplinary
design team was established to investigate innovative technologies and design strategies
that were available in the market to produce an energy-efficient building. The High-
Performance Building Initiative (HPB1i) at the National Renewable Energy Laboratory
(NREL) was asked to participate in this process. In general, buildings in the HPB1
demonstrate passive solar design and demand-side management strategies that can reduce
building energy requirements by 50%-70% compared to buildings that meet the
minimum requirements of standard energy codes.

Building and Site Description

The BigHorn Home Improvement Center is located in Silverthorne, Colorado, and houses
an 18,400-ft* (1709 m?) retail/office area and a 24,000-ft* (2230 m”) warehouse/lumber
yard. Silverthorne is a mountain community with an elevation of 8,720 ft (2,658 m), over
10,000 HDD base 65°F (5,555 base 18°C), and no CDD base 65°F. An illustration of the
BigHorn Home Improvement Center with some of the energy efficiency features is
shown in Figure 1. The retail/office space is on the right of the figure with a long east-
west axis, and the warehouse/lumber yard is on the left side of the figure with a long
north-south axis. The retail space and warehouse are single-story open interior floor
plans. Most of the office space is on a second floor mezzanine. More information on this
building is listed in the DOE High-Performance Building Database (DOE 2004).

The building envelope is well insulated to reduce the heating load, which is the primary
energy load due to the cold winters and cool summers. The heating in the retail/office
area and employee break room is provided by a hydronically heated radiant floor system
with nine heating zones. This system is simple, efficient, and provides a comfortable
environment. The warehouse is designed to be a drive-through loading area for lumber
and building materials; therefore, at least one of the overhead doors is open during
business hours. Radiant gas heaters are used to maintain the space temperatures above
37°F (2.8°C). A transpired solar collector on the south wall provides warm ventilation
air when there is sufficient solar heat gain on the wall.

In the summer, the retail area and offices are kept cool by avoiding solar heat gain, using
daylighting instead of electric lighting, and by the use of natural ventilation. Natural
ventilation is provided through north-facing clerestory windows that are operated by an
Energy Management System (EMS) and manually opened doors on the ground level.



Figure 1 lllustration of the layout and some of the energy features of the
BigHorn Home Improvement Center (1) Photovoltaic panels, (2)
radiant floor heating, (3) natural ventilation, and (4) daylighting.

Daylighting is provided in the warehouse primarily through insulated translucent
skylights along the ridgeline and dormer windows on the east wall. Daylighting
strategies in the retail area include the following: north- and south-facing clerestory
windows run the length of the store; three dormer windows on the north side; high
windows on the east and west ends of the building; and a borrow window from the
warehouse. The daylighting controls are provided by the EMS using three light sensors
(exterior, retail, and warehouse). The luminaires in the retail/office area and the
warehouse are high-output, high-bay fixtures that use eight 26-W CFLs. The lamps can
be controlled two at a time, providing five lighting level steps for each fixture as an
energy-efficient way of matching the available daylighting.

Other energy-efficient features of the building are the grid-tied roof-integrated
photovoltaic (PV) system. The 8.9-kW PV system consists of amorphous silicon panels
that are laminated onto the conventional standing-seam metal roof. A transpired solar
collector is installed on the south wall of the warehouse. This system includes a 2,250-ft*
(209.0 m?) perforated, dark metal absorber panel with an air space behind it and provides
heated ventilation air to the space. The EMS is used to control the operation of the
HVAC, snowmelt, clerestory windows, and lighting systems in the building.

Energy Performance Evaluation

The energy performance of the BigHorn Center was evaluated extensively for three years
by continuous end use monitoring, analysis of utility bills, walk through inspections, spot
measurements, and computer simulations. A dedicated data acquisition system (DAS)
was designed to monitor and archive the performance data.



Energy simulations of the as-built building were completed to better understand the
energy performance and compare it to an energy code compliant baseline building model.
The baseline building model was developed to reflect the size and functionality of the as-
built building and meet the minimum thermal efficiency requirements of ASHRAE
Standard 90.1-2001 (ASHRAE 2001). The baseline building model was created
following the guidelines of the proposed Addendum-e to ASHRAE 90.1-2001. Both
building models were calibrated with the building operations and measured energy and
weather data. All of the simulations were conducted with DOE-2.1E (DOE2.1E 2004).

After the calibration process, the two simulation models were run with a weather file
based on the long-term average weather conditions to show the performance and savings
for an average weather year. The annual site energy consumption by end use for the two
building models is shown in Figure 2 and Table 1. The net site energy saving was 36%
and the net source energy saving was 54%, which includes the measured energy
production from the PV system. The energy cost saving was 53%. In addition, the
simulations predicted that the average monthly peak electrical demand would be reduced
by 59% from 124 kW for the Baseline Building to 50 kW for the As-Built Building. The
reduction in the annual peak demand is mainly due to the elimination of the HVAC fans
and the reduction in the lighting power.
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Figure 2  Annual source energy consumption for the Baseline Building and
As-Built Building models using an average year weather file.

The energy use patterns for the retail/office and warehouse spaces are very different, and
the simulation models allow us to look at the spaces separately. The retail/office space
shows an annual site energy saving of 24% and a source energy saving of 44%. These
energy savings result from a reduction in the lights and from the elimination of the fans
and cooling load. The source energy saving in the retail/office space is much larger than
the site energy saving due to the more efficient use of gas than electric lights and fans to



heat the building. The warehouse has a 50% site energy saving and a 79% source energy
saving. The site and source energy savings come mainly from the reduction in the
lighting loads and the elimination of the fans.

Table 1 Annual Facility Energy Use from the As-Built Simulations
(end use numbers are for site energy use)

Performance Metric Units Baseline As-Built | % Saving
Lighting ('\("gj;’}fry)r) zig 1(752 80%
Lighting Display ('\(/'gj;‘y/ 3’;) 122 122 0%
Exterior Lights (I\(/IGBEJ;Z;) gg 257) 0%
ous | o | 20|
Heating TGl 00| rer | %
Cooling ('\("C?Jt% 3’)” g 8 100%
e —
Fans ('\("gjfy’ 3’;) ggf 8 100%
Average Monthly Peak Demand (kW) 124 50 59%

2
e i
bt |25 |05 |,
Total Source EUI (:(I\I:jz;ffy{;) 1;??3 8;2? 53%
bty tms 1|y
Total Energy Cost Intensity (:(:j;jrlnffy{;) $§11g§ $§002; 53%

The lighting systems in the BigHorn Center are extremely effective at reducing energy
consumption. The overall energy saving is 80% and the energy saving in the retail/office
area is 67% and 93% in the warehouse compared to the energy use by using the lighting
levels allowed by energy code.

One of the largest energy cost savings in the BigHorn Center is the reduction of the
electrical demand. The average monthly peak electrical demand was reduced by 59%
over the baseline building. However, the electrical energy consumption in the building
has been reduced so far that the demand charges are over 60% of the electric utility
charges. An analysis of the detailed data reveals that the peak demand for most months is
caused by charging the electric forklift or turning on most of the lights during cleaning.



Both of these events could be easily controlled to reduce the peak demand. It is
estimated that charging the forklift at night would have saved an average of $800 a year.

In 2003, the PV system provided 2.5% of the annual electrical energy. It is estimated that
the PV system saved only $108 in energy cost. The low energy cost saving is mainly due
to the PV system output that does not coincide with the monthly building peak demand.
The utility rate structure has a high demand cost and low energy rate cost. Operating
problems with the PV system reduced the annual performance by approximately two
thirds of expected amount. The problems are mainly due to the use of old inverter
technology that does not have power-point tracking ability and is not meant to be
connected to the electrical grid. At the time of installation of this system, grid-tied
inverters were not available and a special circuit was designed to use stand-alone type
inverters (Hayter et al. 2002).

Conclusions

The owners of the BigHorn Home Improvement Center worked with NREL to improve
the design of their facility by using NREL’s computer-simulated, whole-building
approach that looks at the way the building’s site, envelope, electrical, and mechanical
systems work together most efficiently.

Overall, the BigHorn Center uses 54% less source energy and has 53% lower energy
costs than typical retail buildings of similar size. The extensive use of daylighting has
reduced the lighting energy requirements by 80%, which contributes significantly to the
reduced energy loads in the building. Reduction in the lighting and control of solar gains
has lowered the internal gains enough to be able meet all the cooling load with natural
ventilation. The 8.9-kW photovoltaic system provides 2.5% of the electricity needed to
operate the building. Improvements to the PV system and building operation should
improve the performance to near 8§%.
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